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Abstract
Three strains of Gram-staining-positive, coccus-shaped, lactic acid bacteria, designated as HibF3T, HibF2 and HibF5 were
isolated from fresh flowers of hibiscus, and a fourth, DF1T, was isolated from fresh flowers of durian tree, in Penang,
Malaysia. Taxonomic characterisation was performed by polyphasic analysis. Sequence similarities of the 16S rRNA gene
and the housekeeping rpoA and pheS genes of these strains with their closely-related lactococcal and streptococcal relatives
were 92–94, 78 and 81%, respectively. The results of phylogenetic analysis indicated that strains DF1T, HibF2, HibF5 and
HibF3T were clustered together but were clearly separated from species of the genera Streptococcus and Lactococcus,
indicating that they represent members of a novel genus of the family Streptococcaceae. Calculation of average nucleotide
identity (ANI) values between the genomes of DF1T and HibF3T yielded values of 92.50–92.93%. ANI values below the cut-off
value and distinctive chemotaxonomic characteristics supported the hypothesis that these strains represented two novel
species. Major cellular fatty acids in DF1T, HibF2 and HibF5 were C18 : 1!7c and C16 : 0, while C12 : 0 and C14 : 0 were also
dominant, in addition to C18 : 1!7c and C16 : 0, in HibF3
T. A novel genus is proposed with the name Floricoccus gen. nov. which
consists of two species, Floricoccus tropicus sp. nov as the type species, and Floricoccus penangensis sp. nov. The respective
type strains are DF1T (=LMG 29833T=JCM 31733T) and HibF3T (=LMG 29831T=DSM 31735T).
The family Streptococcaceae encompasses three genera,
namely Lactococcus, Lactovum and Streptococcus. Members
of the family Streptococcaceae are Gram-staining-positive,
facultatively anaerobic, catalase-negative, ovoid or spherical
cocci and do not form endospores. The DNA G+C contents
of members of this family range from 33 to 46mol% [1]. At
present, the genera Lactococcus (http://www.bacterio.net/
lactococcus.html), and Lactovum (http://www.bacterio.net/
lactovum.html) have twelve and one species respectively,
while the genus Streptococcus, which is well characterized,
consists of 112 species with validly published
names (http://www.bacterio.net/streptococcus.html) [2, 3].
During a study on biodiversity of culturable lactic acid bac-
teria (LAB) present in tropical flowers, four strains of LAB
designated DF1T, HibF2, HibF5 and HibF3T were isolated
from fresh flowers. The morphological and physiological
characteristics of the strains were determined, and phyloge-
netic analyses using the 16S rRNA, rpoA and pheS gene
sequences were performed to determine their taxonomic
positions. Species delineation was performed using the aver-
age nucleotide sequence identity analysis (ANI). The results
indicated that the four strains represent two species of a
novel genus, for which the names Floricoccus tropicus gen.
nov., sp. nov. (DF1T) and Floricoccus penangensis sp. nov.
(HibF3T) are proposed.
Fresh flowers of durian (Durio zibethinus) tree were col-
lected from an orchard in Penang (Malaysia) and hibiscus
(Hibiscus rosa-sinensis L.) flowers from the campus grounds
of Universiti Sains Malaysia, in Penang (Malaysia). Strains
HibF3T, HibF2 and HibF5 were isolated from fresh flowers
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The 16S rRNA gene sequences for DF1T, HibF2, HibF3T and HibF5, have been deposited in the GenBank/EMBL/DDBJ databases with the accession
numbers KX185706–KX185709, respectively, the rpoA gene sequences for DF1T, HibF2, HibF3T and HibF5, have been deposited as KY971277–
KY971280, respectively, the pheS gene sequences for DF1T, HibF2, HibF3T and HibF5 as KY971281–KY971284, respectively and the Whole Genome
Shotgun projects for DF1T and HibF3T as MKIR00000000 and MKIQ00000000, respectively.
Three supplementary tables and two supplementary figures are available with the online Supplementary Material.
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of hibiscus and DF1T was isolated from fresh flowers of a
durian tree, by using all purpose Tween (APT) media sup-
plemented with 1% sodium pyruvate incubated at 30

C for
24–48 h. Motility of cells was observed by inoculating the
cultures into motility agar using the streak/stab technique.
Light microscopy was used to observe Gram staining reac-
tion, cell shape, cell arrangement and endospore formation.
Cell shape and size were also determined using a Leo Supra
50 VP Field Emission Scanning Electron Microscope
(FESEM; Carl Zeiss), equipped with an INCA-X energy dis-
persive microanalysis system (Oxford Instruments). Sample
preparation for SEM was performed as previously described
by Choi and Lee [4], with minor modifications. Briefly,
overnight cultures were fixed in McDowell–Trump fixative
[4% formaldehyde (Ajax UNIVAR) and 1% glutaraldehyde
(TAAB Laboratory)] for 2 h and post-fixed in 1% osmium
tetroxide solution (Electron Microscope Sciences) for 1 h.
The fixed cells were serially dehydrated in ethanol (50, 75,
90 and 99.98%), kept in hexamethyldisilazane (Electron
Microscope Sciences), decanted and allowed to dry. Catalase
activity, oxidase activity (Microbact Oxidase Strips, Oxoid)
and the lactic acid configuration produced from glucose (D-
and L-lactate dehydrogenase test kits, Megazyme) were
determined after 24 h. Gas production was assessed as
described by Leisner et al. [5], but using APT broth supple-
mented with 1% (w/v) sodium pyruvate. Salt tolerance
(growth in the presence of 4.0, 5.0 and 6.5% NaCl), pH tol-
erance (pH 3, 5, 6, 7.5 and 9) and temperature grow range
(7, 15, 25, 30, 35, 40 and 45

C) were determined as
described previously [6], with minor modifications. In this
study, brain–heart infusion (BHI) broth supplemented with
0.1% (w/v) bromocresol purple was used as the basal
medium and growth was evaluated after 1, 2 and 5 days.
Acidifying activity in milk was determined by measuring
the pH after 6 and 24 h [7]. Haemolysis testing was per-
formed by streaking overnight cultures on blood agar base
(Oxoid) supplemented with 5% (v/v) sheep blood (Oxoid)
and incubating them under anaerobic condition at 37

C for
24–48 h. The carbohydrate fermentation profile was deter-
mined using API 50 CHL kits (bioMerieux), enzyme pro-
duction using API ZYM (bioMerieux) and biochemical
characteristics were analysed using API 20 Strep (bio-
Merieux), according to the manufacturer’s instructions.
Determinations of the cellular fatty acids composition were
performed by the BCCM/LMG (Belgian Coordinated Col-
lections of Microorganisms/Laboratory of Microbiology,
Department of Biochemistry and Microbiology, Faculty of
Sciences of Ghent University) identification service. Cells
were grown for 4 days at 28

C under micro-aerophilic con-
ditions on BHI medium (Oxoid). Inoculation and harvest-
ing of the cells, and the extraction and analysis were
performed according to the standard protocols of the
Microbial Identification System (MIDI), except that cells
were harvested from a liquid culture by centrifugation to
obtain a sufficient concentration of fatty acids in the extract.
16S rRNA PCR amplification was performed as described
by Endo and Okada [8], using two primers: 8F (5¢-AGAG
TTTGATCMTGCTCAG-3¢) and 15R (5¢-AAGGAGGTGA
TCCARCCGCA-3¢). The housekeeping genes rpoA and
pheS were amplified by PCR using primers rpoA-21-F (5¢-A
TGATYGARTTTGAAAAACC-3¢), rpoA-23-R (5¢-ACH
GTR TTR ATD CCD GCR CG-3¢), pheS-21-F (5¢-CAYCC
NGCHCGYGAYATC-3¢) and pheS-23-R (5¢-GGRTGRAC-
CATVCCNGCHCC-3¢) [9]. PCR was performed using a
TProfessional Standard Gradient 96 Thermocycler (Biome-
tra). DNA sequencing was performed by 1st BASE Labora-
tories (Selangor, Malaysia). The similarities between the
isolates based on 16S rRNA, rpoA and pheS genes were cal-
culated by using the pairwise nucleotide sequence align-
ments of the BioEdit software [10]. The 16S rRNA gene
sequences were compared with sequences from type strains
deposited in Ribosomal Database Project (RDP) database
(http://rdp.cme.msu.edu/) [11]. Classification of the selected
sequences was performed using RDP Naive Bayesian rRNA
Classifier Version 2.10 [12], with a confidence threshold of
80%. The Jukes–Cantor corrected distance model was
employed to generate the distance matrix. The phylogenetic
tree was reconstructed using Weighbor, a weighted
neighbour-joining algorithm, with bootstrap analysis based
on 100 replicates.
DNA extraction of the overnight cultures were performed
using the DNeasy Blood and Tissue Kit (Qiagen). The
extracted genomic DNA was sent to Science Vision (Selan-
gor, Malaysia) for library construction and sequenced on a
MiSeq platform (Illumina). Sequence trimming, QC, de
novo assembly and annotation of the whole-genome
sequence (WGS) were performed as previously described
[13]. The DNA G+C contents for the type strains were
obtained from the WGS. DNA–DNA relatedness was deter-
mined by calculating the percentage ANI as previously
described [14]. The representative full-genome sequences of
all available closely related genera and species (Streptococcus
and Lactococcus) to Hib3T and DF1T were downloaded
from the NCBI FTP site (ftp://ftp.ncbi.nlm.nih.gov/). An
ANI value of 94–95% corresponds to 70% DNA–DNA
hybridization (DDH), a cut-off points for species delinea-
tion [14, 15].
DF1T, HibF2, HibF5 and HibF3T are Gram-staining-
positive, catalase- and oxidase-negative, non-endospore-
forming and non-motile cocci. Scanning electron micros-
copy (SEM) revealed that the cell division occurred in one
plane, producing diplococcus or streptococcus arrangement
(Fig. S1, available in the online Supplementary Material).
16S rRNA gene sequence (1359–1373 bp) similarities of the
four strains to type strains of their closest lactococcal and
streptococcal relatives in GenBank were 92–94% (results not
shown), which are lower than the cut-off value of 93–
95%which has been conventionally applied as the threshold
for genera delineation [16–20]. Comparison of the partial
DNA sequences of housekeeping genes i.e. rpoA (722–
745 bp) and pheS (392–396 bp) to those of type strains of
closely-related relatives in GenBank revealed low similarity
between the novel LAB strains and their closest relatives
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(rpoA 78% and pheS 81%; results not shown). Based on the
70% DNA–DNA relatedness, the cut-off values for rpoA
and pheS gene sequences similarities for species delineation
were 95 and 90%, respectively [21]. Other research groups
have also reported on a cut-off value of 92.3% for species
delineation based on rpoA gene similarity among species of
the genus Streptococcus [22]. In this study, however, these
housekeeping gene sequences were too distant (dissimilar)
for phylogenetic analysis, mainly due to the very low maxi-
mum score and percentages of similarity between the novel
LAB strains and their closest relatives, which were members
of a various genera of LAB. Hence, phylogenetic analysis was
performed by using the 16S rRNA gene sequence. The
results (Fig. 1) indicated that all four strains (DF1T, HibF2,
HibF5 and HibF3T) belong to a novel line of descent in the
family Streptococcaceae. They were clustered together and
were clearly separated from members of the genera Strepto-
coccus, Lactococcus and Lactovum, another member of the
family Streptococcaceae. The percentages of similarity
between these LAB strains and their close relatives, which
were below the cut-off values, and the topology of the phylo-
genetic tree conclusively indicated that they represented
members of a novel genus. In addition to morphological
observations and phylogenetic analysis, a series of
phenotypic analyses were conducted. Differences in pheno-
typic characteristics among the novel type strains and their
closely-related streptococcal and lactococcal relatives are
presented in Table 1. The DNA G+C contents for members
of the family Streptococcaceae ranged from 33 to 46mol%
[1]. The DNA G+C contents for DF1T and HibF3T were 33.0
and 33.1%, respectively, which were at the lower end of the
range within this family. Major differences in phenotypic
characteristic which differentiated DF1T and HibF3T from
their relatives included growth at 40

C and at pH 5.0, pro-
duction of gas from glucose and production of leucine aryla-
midase and acid phosphatase. Both DF1T and HibF3T
produced gas from glucose (for HibF3T, gas production was
weak). Even though gas production from glucose was not
determined in those studies cited, generally speaking, strep-
tococci and lactococci are characteristically unable to pro-
duce gas from glucose and [1, 23]. Also, production of
leucine arylamidase was observed in all streptococcal and
lactococcal relatives, but not in the novel isolates. Both DF1T
and HibF3T were able to grow at 40

C and pH 5.0
(Table S2), while growth was not observed for their lactococ-
cal relatives [24–27]. The fatty acid profile of DF1T was simi-
lar to those of its lactococcal relatives except for Lactococcus
piscium DSM 6634T (Table S3). The saturated fatty acid
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Floricoccus tropicus HibF5 (KX185709)
Floricoccus penangensis HibF3T (KX185708)
Streptococcus tigurinus AZ_3aT (JN004270)
Streptococcus dentisani DSM 27088T (HG315101)
Streptococcus pseudopneumoniae ATCC BAA-960T (AY612844)
Streptococcus tangierensis CCMM B832T (KF999656)
Streptococcus dysgalactiae subsp. equisimilis CIP 105120T (DQ232540)
Streptococcus cameli CCMM B834T (KF999657)
Streptococcus gallinaceus CCUG 42692T (AJ307888)
Streptococcus agalactiae JCM 5671T (AB023574)
Streptococcus mitis ATCC 49456T (AF003929)
Streptococcus sanguinis ATCC 10556T (AF003928)
Streptococcus iniae ATCC 29178T (AF335572)
Streptococcus phocae CCUG 35103T (AJ621053)
Streptococcus pyogenes ATCC 12344T (AB002521)
Streptococcus caballi 151T (EF364098)
Streptococcus henryi 126T (EF364097)
Lactococcus raffinolactis DSM 20443T (EF694030)
Lactococcus chungangensis CAU 28T (EF694028)
Lactococcus plantarum DSM 20686 (EF694029)
Lactococcus piscium CCUG 32732T (DQ343754)
Lactobacillus plantarum NRRL B-14768 (AJ965482)
Lactovum miscens DSM 14925T (AJ439543)
Streptococcus oralis ATCC 35037T (AY485602)
Fig. 1. Phylogenetic tree showing the relationships of strain DF1T, HibF2, HibF5 and HibF3T and closely-related species. 16S rRNA
gene sequences of DF1T, HibF2, HibF3 and HibF5T have been deposited in GenBank under the accession numbers KX185706,
KX185707, KX185708 and KX185709, respectively. Lactobacillus plantarum NRRL B-14768 was used as an outgroup. Bootstrap percen-
tages (based on 100 replications) are shown at nodes.
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C12 : 0 was one of the major components present in HibF3
T
but not in its lactococcal relatives [24–27]. The phenotypic
analysis further supported the hypothesis that DF1T, HibF2,
HibF5, and HibF3T were clearly separated from other type
strains of species of the genera Lactococcus and Streptococ-
cus. Additionally, DF1T and HibF3T could be differentiated
phenotypically from members of the genus Lactovum,
another member of the family Streptococcaceae, on the basis
of cell shape, production of gas from glucose, ranges of tem-
perature and pH permitting growth and growth on galactose.
Cells of species of the genus Lactovum are ovoid while cells
of the novel isolates are cocci. Members of the genus Lacto-
vum produced insignificant amount of gas from glucose,
were able to grow in galactose and able to grow at 0–7

C but
not at 40

C and pH 8.1 [28]. DF1T and HibF3T produced
gas from glucose, were unable to utilise galactose and able to
grow at 40

C and pH 9 but not at 7

C (Table S2). These
strains are proposed to represent a novel genus, for which
the name Floricoccus gen. nov. is proposed.
To determine if the four strains represented the same spe-
cies, similarities between strains DF1T, HibF2, HibF5 and
HibF3T based on 16S rRNA, rpoA and pheS genes were cal-
culated by using the pairwise nucleotide sequence align-
ments. Results obtained in this study indicated that DF1T,
HibF2, HibF5 and HibF3T shared 99–100, 97.7–100 and
97.7–100% similarities based on the 16S rRNA, rpoA and
pheS gene sequences, respectively (Table S1). Stackebrandt
and Ebers [29] reported a cut-off value of 98.7–99% similar-
ity for species delineation based on 16S rRNA gene sequen-
ces. Naser et al. [21] reported on the intraspecies similarities
of 98 and 97% for the rpoA and pheS gene sequences,
respectively. Determination of genetic relatedness between
strains is compulsory for species delineation in cases where
multiple strains are present in the novel taxon and those
strains share 97% 16S rRNA, 98% rpoA and 97% pheS
gene sequences similarity. Comparison of the ANI indices
(as an alternative to DDH in species delineation) was per-
formed, for which 94–95%ANI is recognised as the cut-off
value [14, 15]. Results of comparison of the 16S rRNA, rpoA
and pheS gene sequences indicated that HibF3T is most
likely to represent a different species from DF1T, HibF2 and
HibF5. ANI values between genomes of DF1T and HibF3T
were 93%, thus strongly supporting the classification of
these isolates into two novel species (Fig. S2). Phenotypic
and chemotaxonomic characterisation were also performed
(Tables S2 and S3). Similar phenotypic characteristics were
observed among strains DF1T, HibF2 and HibF5. Differen-
ces between HibF3T and the other three strains were
observed in gas production from glucose, bile aesculin
Table 1. Differential phenotypic characteristic of DF1T, HibF3T and type strains of closely-related species from the family Streptococcaceae
Taxa: 1, Floricoccus tropicus gen. nov., sp. nov. DF1T (data from this study); 2, Floricoccus penangensis gen. nov., sp. nov. HibF3T (data from this study);
3, Streptococcus tigurinus DSM 24864T [26]; 4, Streptococcus cameli LMG 27685T [27]; 5, Streptococcus caballi DSM 19004T [28]; 6, Streptococcus hen-
ryi DSM 19005T [28]; 7, Streptococcus hongkongensis DSM 26014T [29]; 8, Lactococcus chungangensis KCTC 13185T [30]; 9, Lactococcus piscium DSM
6634T [31, 32]; 10, Lactococcus plantarum DSM 20686T [33]. +, Positive;  , negative; NA, not available; W, weak.
Characteristic 1 2 3 4 5 6 7 8 9 10
DNA G+C content (mol%) 33.0 33.1 40.0 40.8 46.8 38.7 35.6 NA 38.5 36.9–38.1
Gas production from glucose + W  *  *  *  *  *  †  †  †
Hydrolysis of aesculin + W   + + + + + + +
Hydrolysis of arginine + +   NA     + NA    
Hydrolysis of hippuric acid               + NA  
Voges–Proskauer test + +   NA +     + NA +
Acid production from:
L-Arabinose                 +  
Ribose             +   +  
Galactose     +   NA NA +   +  
Mannitol + +       + + + + +
Lactose     + +   + +   +  
Melibiose         + + NA   +  
Melezitose + +         NA   + +
Glycogen + +     + + +      
Enzyme production:
b-glucosidase       NA + + +   NA NA
Leucine arylamidase/aminopeptidase     + + + + + + + +
b-glucuronidase             NA   W +
Acid phosphatase     NA NA NA NA NA + + +
*Streptococci are characteristically unable to produce gas from glucose [1].
†Lactococci are characteristically unable to produce gas from glucose [23].
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hydrolysis, carbohydrate utilisation (Table S2) and fatty
acid methyl ester (FAME) profiles (Table S3). DF1T, HibF2
and HibF5 produced abundant amounts of gas from glucose
and hydrolysed aesculin while HibF3T produced gas and
hydrolysed aesculin weakly. Variable results were observed
in carbohydrate utilisation profiles as DF1T, HibF2 and
HibF5, but not HibF3T, were able to utilise amygdalin, b-
gentiobiose and turanose and HibF3T could only utilize sali-
cin and cellobiose weakly. Fatty acid profiles indicated that
DF1T, HibF2, HibF5 and HibF3T produced C18 : 1!7c and
C16 : 0 but HibF3
T could be distinguished from the other
strains as it also produced large amounts of C12 : 0 and C14 : 0
(Table S3). ANI values below the cut-off value and distinc-
tive chemotaxonomic and phenotypic characteristics sup-
ported the hypothesis that these strains represent two novel
species, for which the names Floricoccus gen. nov. tropicus
sp. nov (DF1T, HibF2 and HibF5) and Floricoccus gen. nov.
penangensis sp. nov (HibF3T) are proposed. Floricoccus tro-
picus is proposed as the type species.
DESCRIPTION OF FLORICOCCUS GEN. NOV.
Floricoccus (Flo.ri.coc¢cus. L. masc. n. flos, floris flower; N.L.
masc. n. coccus grain; N.L. masc. n. Floricoccus a coccus
from a flower).
Cells are Gram-staining-positive, catalase-negative, oxidase-
negative, facultatively anaerobic, heterofermentative and
non-spore forming cocci. They produce gas from glucose
and lack leucine arylamidase and acid phosphatase. The
major fatty acids consistently produced by all members of
the genus Floricoccus are C18 : 1!7c and C16 : 0.
Floricoccus tropicus is proposed as the type species.
DESCRIPTION OF FLORICOCCUS TROPICUS
SP. NOV.
Floricoccus tropicus [tro¢pi.cus. L. masc. adj. tropicus, tropi-
cal, of or pertaining to the tropic(s), relating to its isolation
from tropical flowers].
Cells are Gram-staining-positive, non-endospore-forming
and non-motile cocci. Cells in broth culture are mostly in
chains or occur in pairs or singly. Colonies are about 1–
3mm in diameter, smooth, circular with even margins and
convex elevation, cream–white and opaque, after growth on
APT media supplemented with 1% (w/v) sodium pyruvate,
at 30

C for 24–48 h. Major cellular fatty acids are unsatu-
rated C18 : 1!7c and saturated C16 : 0. Cells are able to grow
on bile aesculin agar but not on MRS and M17 lactose agar,
and weakly on BHI agar. Weak a-haemolysis was observed
when grown aerobically on sheep blood agar for 24 h. Cells
are catalase- and oxidase-negative, and do not hydrolyse
hippuric acid or utilise citrate. Positive reactions are
observed in Voges–Proskauer and methyl red tests and for
hydrolysis of arginine and gelatin. They produce gas and L-
lactic acid from glucose, suggesting heterolactic fermenta-
tion. Growth was observed at pH 5, 6, 7.5 and 9 but not pH
3. Cells are able to grow at a temperature range of 15–40

C,
with optimum growth observed at 30–37

C. Growth at 7
and 45

C was not observed. All the tested strains were not
tolerant to 4, 5 and 6.5% NaCl. Acid was produced from D-
glucose, D-fructose, D-mannose, mannitol, N-acetyl-glucos-
amine, arbutin, aesculin, maltose, sucrose, trehalose, melezi-
tose, starch, glycogen, amygdalin, salicin, cellobiose, b-
gentiobiose and turanose, but not from glycerol, erythritol,
D-arabinose, L-arabinose, ribose, D-xylose, L-xylose, adoni-
tol, methyl b-xyloside, galactose, L-sorbose, rhamnose,
dulcitol, inositol, sorbitol, methyl a-D-mannoside, methyl
a-D-gulucoside, lactose, melibiose, inulin, raffinose, xylitol,
D-lyxose, D-tagatose, D-fucose, L-fucose, D-arabitol, L-arabi-
tol, gluconate, 2-ketogluconate, 5-ketogluconate and starch.
Acidifying activity in milk was not observed. In API ZYM
and API 20 Strep tests, cells produce naphthol-AS-BI-phos-
phohydrolase and a-galactosidase, but production of valine
arylamidase was weak. They do not produce alkaline phos-
phatase, esterase (C 4), esterase lipase (C 8), lipase (C 14),
leucine arylamidase/aminopeptidase, cystine arylamidase,
trypsin, a-chymotrypsin, acid phosphatase, b-galactosidase,
b-glucuronidase, a-glucosidase, b-glucosidase, N-acetyl-b-
glucosaminidase, a-mannosidase, a-fucosidase, pyrroli-
donyl arylamidase and arginine dihydrolase.
The proposed type strain, DF1T (=LMG 29833T=JCM
31733T) was isolated from fresh flowers of durian (Durio
zibethinus) in an orchard in Teluk Bahang, Penang, Malay-
sia on 16th December 2014. The DNA G+C content of the
type strain is 33.0mol%.
DESCRIPTION OF FLORICOCCUS
PENANGENSIS SP. NOV.
Floricoccus penangensis (pe.nang.en¢sis N.L. masc. adj.
penangensis of Penang, named after the northern state in
Malaysia, from where the species was isolated).
Cells are Gram-staining-positive, non-endospores forming
and non-motile cocci. Cells in broth culture are mostly in
chains or occur in pairs or singly. Colonies are about 1–
2mm in diameter, smooth, circular with even margins and
convex elevation, cream–white and opaque, after growth on
APT media supplemented with 1% (w/v) sodium pyruvate,
at 30

C for 24–48 h. Major cellular fatty acids are the satu-
rated C16 : 0, unsaturated C18 : 1!7c, saturated C12 : 0 and satu-
rated C14 : 0. Cells grow weakly on bile aesculin agar and
BHI agar but not on MRS and M17 lactose agar. Weak a-
haemolysis was observed when grown aerobically on sheep
blood agar for 24 h. Cells are catalase- and oxidase-negative,
do not hydrolyse hippuric acid or utilise citrate. Positive
reactions were observed in Voges–Proskauer and methyl
red tests and for hydrolysis of arginine and gelatin. They
produce gas weakly and L-lactic acid from glucose, suggest-
ing heterolactic fermentation. Growth was observed at pH
5, 6, 7.5 and 9 but not pH 3. Cells are able to grow at a tem-
perature range of 15–40

C, optimally at 30–37

C. Growth
at 7 or 45

C was not observed. The strain is not tolerant to
4, 5 and 6.5% NaCl. Acid was produced from D-glucose, D-
fructose, D-mannose, mannitol, N-acetyl-glucosamine,
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arbutin, aesculin, maltose, sucrose, trehalose, melezitose,
starch and glycogen but not from glycerol, erythritol, D-
arabinose, L-arabinose, ribose, D-xylose, L-xylose, adonitol,
amygdalin, methyl b-xyloside, galactose, L-sorbose, rham-
nose, dulcitol, inositol, sorbitol, methyl a-D-mannoside,
methyl a-D-glucoside, lactose, melibiose, inulin, raffinose,
xylitol, D-lyxose, D-tagatose, D-fucose, L-fucose, D-arabitol,
L-arabitol, gluconate, b-gentiobiose, turanose, 2-ketogluco-
nate, 5-ketogluconate and starch. Acid was produced weakly
from salicin and cellobiose. Acidifying activity in milk was
not observed. In API ZYM and API 20 Strep tests, cells pro-
duce naphthol-AS-BI-phosphohydrolase and a-galactosi-
dase and valine arylamidase were produced weakly, but
alkaline phosphatase, esterase (C 4), esterase lipase (C 8),
lipase (C 14), leucine arylamidase/aminopeptidase, cystine
arylamidase, trypsin, acid phosphatase, a-chymotrypsin, b-
galactosidase, b-glucuronidase, a-glucosidase, b-glucosi-
dase, N-acetyl-b-glucosaminidase, a-mannosidase, a-fuco-
sidase, pyrrolidonyl arylamidase and arginine dihydrolase
were not produced.
The proposed type strain, HibF3T (=LMG 29831T=DSM
31735T) was isolated from fresh flowers of Hibiscus
(Hibiscus rosa-sinensis L.) in the campus ground of
Universiti Sains Malaysia, in Penang, Malaysia on 16th
December 2014. The DNA G+C content of the type
strain is 33.1mol%.
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